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(54) Abstract Title 

Multilayer wiring 

(57) An inorganic masking layer 14 is formed using a patterned photoresist layer 15, and the layer 13 acts as 
an etch stop layer dunng patterning. The photoresist layer is removed before the etch stop layer and an 
underlying low dielectric constant interlevel insulator layer 12 are patterned. In this manner the low dielectric 
constant matenal is protected from the gases used to remove the photoresist layer by the etch stop layer. 
Thereby moisture generated during the photoresist removal process is prevented from contaminating the 
interlevel dielectric. 
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METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 
HAVING MULTIIiAYER WIRING 



This invention relates to a method of manufacturing 
a semiconductor device having multilayer wiring, and, 
. especially, to a method of manufacturing a semiconductor 
device in which the dielectric constant of an insulation 
film formed between wiring layers is reduced. 

A development of semiconductor integrated circuits 
with a fine structure has been attained in recent years. 
Such a development is particularly significant in the 
fields of semicpnductor integrated circuits containing 
.logical circuits with a multilayer wiring structure. As 
the interval between metal wiring layers is micro-sized, 
a wiring capacitance increases which causes a reduction 
in electric signal speed and deficiencies due to crosstalk 
occur, that is, a phenomenon in which some signals 
affect other signals in terms of a noise. For this, 
studies for reducing the dielectric constant of an 
insulation film formed between wiring layers have been 
made . 

For example , there is a description of an 
evaluation of the dielectric constant of Hydrogen 
Silsesquioxane (HSQ) in 4 3rd Apply. Phys . Lett., Related 
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Society Lecture Preprints, No. 2 issue, p654, (26a-N- 
6 "Evaluation of Dielectric Constant of Hydrogen 
Silsesquioxane ( HSQ ) " ) . In this description of the 
preprints, the specific dielectric constant of an 
5 inorganic SOG (Spin On Glass) film formed by curing in a 
condition of reduced pressure is 2.7. However, when an 
0 2 plasma process is performed, the specific dielectric 
constant increases up to 3.9. This is, as described in 
the description of the preprints, because an Si-OH bond 

10 is produced in the film in the 0 2 plasma process whereby 
a water content in the HSQ film is increased- 

It is considered that the above semiconductor is 
manufactured according to a general process though a 
production process for the semiconductor device is not 

15 described in the above preprints. Here, a conventional 
process for manufacturing a semiconductor device with 
multilayer wiring will be explained. Figs. 1A to IF are 
sectional views showing a customary method of 
manufacturing a semiconductor device in sequential order. 

2 0 In a conventional method of producing a 

semiconductor device, as shown in Fig. 1A, a first 
silicon oxide film 101 with a thickness of about 500 nm 
is first formed on a silicon substrate (not shown). Next, 
a first aluminum-based metal wiring layer 102 is 

25 selectively formed on the first silicon oxide film 101. 
An HSQ film 103 with a thickness of about 400 nm is then 
formed on the first silicon oxide film 101 as a low 
dielectric constant film by application and annealing. 
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At this time, the upper surface of the first aluminum- 
based metal wiring layer 102 is coated with the HSQ film 
103. A second silicon oxide film 104 with a thickness of 
about 1400 nm is successively formed on the ESQ film 103, 
5 Then, for formation of a flat surface, the thickness of 
the second silicon oxide film 104 is reduced to as thin 
as about 700 nm by chemically mechanical polishing (CMP), 
After that, a photoresist 105 is applied to the second 
silicon oxide film 104. The applied photoresist 105 is 
10 exposed and developed so that it has a prescribed pattern. 

Next, as shown in Fig. IB, the second silicon oxide 
film 104 and the HSQ film 103 are etched using a 
f luorocarbon-containing gas and utilizing the photoresist 
105 as a mask. As a consequence, a contact hole 104a 
15 extending to the first aluminum-based metal wiring layer 
102 is formed under an opening of the photoresist 105. 

After that, an 0 2 plasma process is performed. At 
this time, the HSQ film 103 open to the contact hole 104a 
is exposed to the 0 2 plasma whereby an Si-OH bond is 
20 produced on the surface of the HSQ film 103 which is open 
to the contact hole 104a. Then, as shown Fig. 1C, the 
photoresist 105 is removed by a resist releasing solution. 
At this time, since the surface of the HSQ film 103 open 
to the contact hole 104a is exposed to the resist 
25 releasing solution, a moistened portion 106 with a water 
content higher than that of the remainder portions is 
formed on the surface - 

Then, as shown in Fig. ID, a titanium nitride film 



10 7 is formed as a barrier metal film on the entire 
surface. A tungsten film 108 is formed on the titanium 
nitride film 107 by a blanket CVD method. In this case, 
a void 109 is sometimes formed within the contact hole 
5 104a. 

As shown in Fig. IE, the tungsten film 108 and the 
titanium nitride film 107 formed on the second silicon 
oxide film 104 are removed by a tungsten etch back method 
whereby the tungsten film 108 and the titanium nitride 

10 film 107 only formed within the contact hole 10 4a are 
left unremoved. 

As shown in Fig. IF, a second aluminum-based metal 
wiring layer 110 is then formed on the entire surface. 
It was confirmed that the semiconductor device 

15 produced in this conventional manner had high junction 
resistance and a connection failure had been produced in 
the contact hole 104a. 

Next, a conventional method of manufacturing a 
semiconductor device provided with a channel-wiring layer 

20 will be illustrated. Figs. 2 A to 2F are sectional views 
showing a conventional method of manufacturing a 
semiconductor device in sequential order. First, a 
plurality of base layers (not shown) are formed oh a 
silicon substrate (not shown) and a silicon nitride film 

25 111 with a thickness of about 100 nm is formed on the top 
of the base layers as shown in Fig. 2A- Then, an ESQ 
film 112 with a thickness of about 500 nm is formed on 
the silicon nitride film 111 by application and annealing- 
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A silicon oxide film 113 with a thickness of about lOOnm 
is formed as a cap film on the ESQ film 112. 

Next, as shown in Fig. 2B, a photoresist film 114 
is applied to the silicon oxide film 113, Then, it is 
5 exposed and developed so that it has a prescribed pattern. 

After that, as shown in Fig. 2C, the silicon oxide 
film 113 and the ESQ film 112 are etched using a 
f luorocarbon-containing gas and utilizing the photoresist 
114 as a mask. As a consequence, a channel 112a 
10 extending to the silicon nitride film 111 is formed under 
an opening of the photoresist 114. 

Then, an 0 2 plasma process is performed. At this 
time, the surface of the ESQ film 112 open to the channel 
112a is denatured, and tends to be moistened. Then, as 
15 shown Fig. 2D, the photoresist 114 is removed by a resist 
releasing solution. At this time, since the surface of 
the HSQ film 112 open to the channel 112a is exposed to 
the resist releasing solution, a moistened portion 115 
with a water content higher than that of the remainder 
2 0 portions is formed on the surface. 

Then, as shown in Fig. 2E, a titanium film 116 with 
a thickness of about 5 0 nm is formed as a barrier metal 
film on the entire surface by a MOCVD method followed by 
a step of forming a copper film 117 with a thickness of 
25 about 5 00 nm on the entire surface by a CVD method. 

As shown in Fig. 2F, the copper film 117 and the 
titanium film 116 formed on the silicon oxide film 113 
are removed by CMP treatment whereby the copper film 117 
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and the titanium film 116 only formed within the channel 
112a are left unremoved. 

The capacitance between channel-wiring layers of 
the semiconductor device prepared in this manner was 
5 measured. As a result, the measured capacitance was as 
same as that of a semiconductor device produced utilizing 
a formation of a general plasma oxide film. It is 
considered that this is due to the 0 2 plasma process. 

As a film with a low dielectric constant, a film 
10 other than the HSQ film is sometimes used. An instance 
of using a fluororesin film as the film of a low 
dielectric constant is described in Monthly Semiconductor 
World, Feb. (1997), p82-84, entitled "An improvement in 
etching characteristics for preparing a low dielectric 
15 constant due to a fluororesin film is achieved, but a 
problem of oxygen plasma resistance remains". In this 
prior art, a via hole is formed using a fluororesin film 
with a dielectric constant of 2.5 or less composed of a 
cyclic fluororesin and a siloxane polymer- Figs. 3A to 
20 3D are sectional views showing a customary method of 

manufacturing a semiconductor device in sequential order. 
First, as shown in Fig. 3A, a first silicon oxide film 
121 is formed on a silicon substrate (not shown). Then, 
a first aluminum-based metal wiring layer 122 is 
25 selectively formed on the first silicon oxide, film 121. 
A liner film 123 composed of a silicon oxide film is 
formed on the entire surface. Next, a fluororesin film 
124 is formed on the liner film 123, and a second silicon 
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oxide film 125 is formed on the fluororesin film 124. 
Then, a photoresist 126 is applied to the surface of the 
fluororesin film 124 , followed by exposure and developing 
to carry out the patterning of the photoresist 126. 
5 Next, as shown in Fig. 3B, the second silicon oxide 

film 125, the fluororesin film 124 and the liner firm 123 
are etched using the photoresist 126 as a mask. As a 
consequence, a via hole 124a extending to the first 
aluminum-based metal wiring layer 122 is formed under an 
10 opening of the photoresist 126. 

After that, an 0 2 plasma process is performed. At 

this time, the surface of the fluororesin film 124 open 
to the via holes 124a is exposed to the plasma. In 
addition, as shown in Fig. 3C, the photoresist 126 is 

15 also removed by a resist releasing solution. In this 

case, the side wall of the via hole 124a is shaped into a 
bow-like form by erosion. 

Though no remainder steps following the above step 
are described, it is predicted that the following steps 

20 will be performed. As shown in Fig. 3D, a titanium 

nitride film 129 as a barrier metal film and a second 
aluminum-based metal wiring layer 127 as a plug are 
formed on the entire surface. However, a void 128 is 
probably formed within the second aluminum-based metal 

25 wiring layer 127 because of the erosion of the 
fluororesin film 124. 

The reason why the side wall of the via hole 124a 
is shaped into a bore-like form by erosion is that the 
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fluororesin film 124 is exposed to 0 2 plasma and then 
carbon in the film reacts with oxygen to produce C0 2 gas 
which causes decomposition of the fluororesin film 124 • 
As the foregoing shows , even if a film with a low 
5 dielectric constant is used, an only insufficient 

reduction in the dielectric constant can be attained. 
Also, a problem of formation of a void in a metal layer 
remains unsolved - 

It is an object of at least the preferred embodiment of 
10 the present invention to provide 

a method of manufacturing a semiconductor device having 
multilayer wiring which can reduce the capacitance 
between wiring layers and prevent an increase in the 
junction resistance in an, opening such as a contact hole. 
15 According to an aspect of the present invention, 

there is provided a method of manufacturing a 
semiconductor device having multilayer wiring comprising 
a step of forming a first insulating film having a 
dielectric constant lower than that of a silicon oxide 
20 film on a semiconductor substrate. The method comprises 

a Step Of forming a .metallic film or a second insulating 

film on the first insulating film, a step of patterning 
the metallic film or the second insulation film to be a 
prescribed form and a step of forming an opening in the 
25 first insulating film using the metallic film or the second 
insulating film as a mask. The second insulating film 
has degrees of moisture absorption and deformation in an 
oxygen plasma process and exposure to a resist releasing 



solution equal to or less than those of a silicon oxide 
film. 

With the above, even if a photoresist is used for 
patterning the metallic film or second insulating film, 
oxygen plasma process is performed and a resist releasing 
solution is applied to release the photoresist, the first 
insulating film is not exposed to the oxygen plasma and the 
resist releasing solution at all. A rise in the dielectric 
constant caused by moisture absorption of the first 
insulating film is hence prevented and the capacitance 
between wiring layers can be efficiently reduced. The 
deformation of the first insulating film is also prevented. 
Furthermore, no void is formed within the opening thereby 
preventing an increase in the junction resistance. 

The present invention extends to a semiconductor 
device compr i s ing : 

a first insulating film disposed on a semiconductor 
substrate and having a dielectric constant lower; than that 
of a silicon oxide film; and 

a second insulating film disposed on said first 
insulating film, said second insulating film having degrees 
of moisture absorption and deformation in an oxygen plasma 
process and exposure to a resist releasing solution equal 
to or less than those of a silicon oxide film. 

The present invention also extends to a semiconductor 
device comprising: 

an insulating film disposed on a semiconductor 
substrate and having a dielectric constant lower than that 
of a silicon oxide film; and 

a metallic film disposed on said insulating film. 
Preferred features of the present invention will now 
be described, purely by way of example only, with reference 
to the accompanying drawings, in which: - 

Figs. 1A to IF are section ~ views showing a 
conventional method of manufacturing a semiconductor device 
in sequential order; 
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Figs. 2A to 2F are sectional views showing another 
conventional method of manufacturing a semiconductor device 
in sequential order; 

Figs. 3A to 3D are sectional views showing another 
conventional method of manufacturing a semiconductor device 
in sequential order; 

Figs. 4A to 4F are sectional views showing a first 
embodiment of a method of manufacturing a semiconductor 
device in sequential order; 

Figs. 5A to 5F are sectional views showing a second 
embodiment of a method of manufacturing a semiconductor 
device in sequential order; 

Figs. 6A to 6E are sectional views showing a third 
embodiment of a method of manufacturing a semiconductor 
device in sequential order; 

Figs. 7A to 7E are sectional vies showing a fourth 
embodiment of a method of manufacturing a semiconductor 
device in sequential order; 

Figs. 8A to 8F are sectional views showing a fifth 
embodiment of a method of manufacturing a semiconductor 
device in sequential order; and 

Figs. 9 A to 91 are sectional views showing sixth 
embodiment of a method of manufacturing a semiconductor 
device in sequential order. 

Figs. 4A to 4F are sectional views showing a first 
embodiment of a method of manufacturing *a semiconductor 
device in sequential order. 



In this embodiment, as shown in Fig. 4A, a first 
silicon oxide film 1 with a thickness of, for example, 
about 500 nm is formed on a silicon substrate (not shown). 
A first aluminum-based metal wiring layer 2 is 
selectively formed on the first silicon oxide film 1. An 
ESQ film 3 having a thickness of, for example, about 400 
nm is formed on the first silicon oxide film 1 by 
application and annealing as a film whose dielectric 
constant is lower than that of a silicon oxide film. At 
this time, the upper surface of the first aluminum-based 
metal wiring layer 2 is coated with the ESQ film 3. A 
second silicon oxide film 4 with a thickness of, for 
example, about 1,400 nm is then formed on the ESQ film 3. 
Then, for formation of a flat surface, the thickness of 
the second silicon oxide film 4 is reduced to as thin as, 
for example, about 7 00 nm by CMP (chemically mechanical 
polishing). A tungsten silicide film 5 with a thickness 
of, for example, about 100 nm is then formed on the 
second silicon oxide film 4 by sputtering- After that, a 
photoresist 6 is applied to the tungsten silicide film 5. 
The applied photoresist 6 is exposed and developed so 
that it has a prescribed pattern. 

Next, the tungsten silicide film 5 is etched by a 
chlorine-containing gas using the photoresist 6 as a mask 
as shown in Fig. 4B. This allows an opening 5a of the 
tungsten silicide film 5 to be formed under an opening of 
the photoresist 6. Then, an 0 2 plasma process is 
performed and the photoresist 6 is exposed to a resist 
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releasing solution whereby it is removed. 

After that, the second silicon oxide film 4 and the 
ESQ film 3 are etched using fluorocarbon gas and using 
the tungsten silicide film 5 as a mask. In this case, 
5 volatile WF S gas or SiF 4 gas is produced, so the 

deposition of the tungsten silicide film 5 is restricted. 
As a consequence, as shown in Fig. 4C, a contact hole 4a 
extending to the first aluminum-based metal wiring layer 
2 is formed under the opening 5a of the tungsten silicide 
10 film 5. 

Then, as shown in Fig. 4D, a titanium nitride film 
7 with a thickness of, for example, about 50 nm is formed 
on the entire surface as a barrier metal film while the 
tungsten silicide film 5 is retained- A tungsten film 8 
15 with a thickness of, for example, about 500 nm is 

successively formed on the titanium nitride film 7. 

Next, as shown in Fig. 4E, the tungsten film 8, the 
titanium nitride film 7, and the tungsten silicide film 5 
which are formed on the second silicon oxide film 4 are 
2 0 removed by metal CMP. Therefore, the tungsten film 8 and 
the titanium nitride film 7 formed only within the 
contact hole 4a are left unremoved. 

As shown in Fig. 4F, a second aluminum-based metal 
wiring layer 9 is formed on the entire surface. After 
25 this, the same processes as above are repeated to 

complete the production of a semiconductor device having 
multilayer wiring. 

In this embodiment, the HSQ film 3 which tends to 
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increase in the water content by an 0 2 plasma process is 
not exposed when the 0 2 plasma process is carried out. 
Therefore, no void is produced within the contact hole 4a 
whereby any increase in the junction resistance is, 
5 prevented and any increase in the dielectric constant of 
the ESQ film 3 caused by an increased water content can 
be avoided. 

Next, a second embodiment of the method 
will be explained. Figs. 5A to 5F are sectional views 
10 showing a method of manufacturing a semiconductor device 
in sequential order. 

In this embodiment , as shown in Fig. 5A, a lower 
layer insulating film 11 is formed on a semiconductor 

15 substrate (not shown). An ESQ film 12 with a dielectric 
constant lower than that of a silicon oxide film is 
formed as an interlayer insulating film on the lower 
layer insulating film 11 by application and annealing. A 
silicon nitride film 13 with a thickness of, for example, 

20 about 100 nm and a silicon oxide film 14 with a thickness 
of, for example, about 400 nm are deposited in this order 
on the ESQ film 12. It is noted that the silicon nitride 
film has degrees of moisture absorption and deformation 
in an oxygen plasma process and exposure to a resist 

25 releasing solution equal to or less than those of a 

silicon oxide film. Then, a photoresist 15 is deposited 
on the silicon oxide film 14 and is subjected to 
photolithography in which a channel-wiring pattern is 
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formed on the photoresist. 

Next, as shown in Fig. 5B, the silicon oxide film 
14 is etched by reactive ion etching (RIE) using C 4 F Q gas, 
CO gas and Ar gas and using the photoresist 15 as a mask. 
5 In this case, the selective ratio of the etching rates of 
the silicon nitride film 13 and silicon oxide film 14, 
that is, SiN : Si0 2 is designed to be 1 : 20, whereby the 
silicon nitride film 13 functions as an etching stopper. 
As a consequence, a wiring channel 14^. with a depth of 
10 about 400 nm is formed. 

Next, an 0 2 plasma process is performed and, as 
shown in Fig. 5C, the photoresist 15 is removed using an 
organic solvent. At this time, the HSQ film 12 is 
protected by the silicon nitride film 13. 
15 As shown in Fig. 5D, the silicon oxide film 14, the 

silicon nitride film 13, and the HSQ film 12 are etch- 
backed at the same etching rates by RIE using CHF 3 gas. 
The silicon oxide film 14 is entirely removed and at the 
same time a channel 12a with a depth of, for example, 
2 0 about 400 nm is formed in the HSQ film 12. 

The etching for forming the channel 12a may be 
performed by the following method. First, the silicon 
oxide film 14 and the silicon nitride film 13 are etched 
at almost the same etching rates until the silicon ' 
25 nitride film 13 is penetrated through. Then, the silicon 
oxide film 14 is etched at a etching rate greater than 
that of the silicon nitride film 13. In this case, since 
the HSQ film 12 is etched at the same rate as that of the 
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silicon oxide film 14, the HSQ film 12 is etched making 
use of the already^jpatt^^ a 
hard mask. When not an HSQ film but a layer insulating 
film having a high selective ratio against the silicon 
5 nitride film 14 is formed as a film with a low dielectric 
constant, the^siXj^^ 14, is formed -into a 

film with such a thickness that the film can be 
thoroughly removed with the formation of a pattern oh the 
silicon nitride film 13. Such measures enable it 

10 possible to perform more accurate patterning of the 
silicon nitride film 13 and HSQ film 12 by R1E. 

Next, as shown Fig. 5E, a titanium film 16 with a 
thickness of, for example, 20 nm is deposited as a 
barrier metal film on the entire surface by sputtering. 

15 In succession, an aluminum film 17 with a thickness of, 
for example, 800 nm is deposited as a wiring metal film 
on the titanium film 16 by sputtering. 

Then, as shown in Fig. 5F, the aluminum film 17 and 
the titanium film 16 formed on the silicon nitride film 

20 13 are removed by chemically mechanical polishing (CMP) 
while leaving these films 16, 17 unremoved only within 
the channel 12a- 

In this embodiment, since the HSQ film 12, which 
tends to increase in the water content by the 0 2 plasma 

25 process, is not also exposed in the 0 2 plasma process, a 
rise in the dielectric constant with an increase in water 
content is prevented . 

Incidentally, in this embodiment, the silicon 
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nitride film 13 is used as an insulating film which has 
degrees of moisture absorption and deformation in an 
oxygen plasma process and exposure to a resist releasing 
solution equal to or less than those of a silicon oxide 
5 film- It is particularly preferable that the silicon 
nitride film be a plasma s^gj^ssnwn^^^^ A plasma 

silicon oxide film or a plasma silicon oxynitride film 
may be used as such an insulating film. 

Next, a third embodiment of the method 
10 will be explained. Figs. 6A to 6E are sectional views 

showing a method of manufacturing a semiconductor device 
in sequential order. 

In this embodiment, as shown in 
Fig. 6A, a first silicon oxide film 21 with a thickness 

15 of, for example, O.ljxm is formed on a semiconductor 

substrate (not shown). An HSQ film 22 having a thickness 
of, for example, 0.4^m and a dielectric constant lower 
than that of a silicon oxide film is formed on the first 
silicon oxide film 21 by application and annealing- A 

20 second silicon oxide film 23 with a thickness of, for 
example, 0.05f^m is deposited on the HSQ film 22. 
Furthermore, a W (tungsten) film 24 with a thickness of, 
for example, O.OS^tm is deposited on the second silicon 
oxide film 23. In succession, a photoresist 25 is 
25 applied to the tungsten film 24 and is subjected to . 
photolithography in which a channel-wiring pattern is 
formed on the photoresist. 

Next, as shown in Fig. 6B, the tungsten film 24 is 
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patterned by dry etching using the photoresist 25 as a 
mask. After that, the photoresist 25 is released by 
ashing treatment of 0 2 plasma and treatment using an 
organic alkali solution • At this time, the dry etching 
residue is also removed. In this releasing treatment, 
the surface of the HSQ film 22 is not damaged because it 
is coated with the second silicon oxide film 23. 

As shown in Fig. 6C, the second silicon oxide film 
23 and the HSQ film 22 are etched in an oxide film dry 
etching condition using the tungsten film 24 as a mask 
until the first silicon oxide film 21 is exposed. This 
allows a channel 22a for a damascene method to be formed. 
Here, the damascene method comprises a step of forming an 
insulating film formed with a hole or a channel in a 
prescribed area and a step of installing wiring layer in 
the hole or the channel. 

Next, as shown in Fig. 6D, a TiN film 26 with a 
thickness of, for example, O.OSjim is formed on the entire 
surface as a barrier metal film. In succession,, a copper 
film 27 is deposited on the TiN film 2 6 as a metal wiring 
film. 

As shown in Fig. 6E, the copper film 27, TiN film 
26 and tungsten film 2 4 on the second silicon oxide film 
23 are removed by CMP whereby the copper film 2 7 and TiN 
2 6 formed only within the channel 22a are left unremoved. 

Also, in this embodiment, since the HSQ film 22, 
which tends to increase in the water content by the 0 2 
plasma process, is not also exposed in the 0 2 plasma 
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process, a rise in the dielectric constant with an 
increase in water content is prevented* 

Incidentally , as a method for burying the copper 
film 27 and TiN film 2 6 a CVD method, 

5 sputtering method, and plating method utilizing a 

sputtering or CVD method for seeding and the like are 
exemplified. Among these methods, a CVD method having 
high coating characteristics and burial characteristics 
is most desirable. In the case of using a sputtering 
10 method, it is necessary to reflow at a high temperature. 

Also, a silicon nitride film may be adopted as the 
base film instead of the first silicon oxide film 21. In 
this case, the etching is performed in the dry etching 
condition of high selectivity between a silicon oxide 
15 film and a silicon nitride film thereby terminating the 
etching just before it reaches the base film in a highly 
controlled condition. 

As the second silicon oxide film 23, a plasma 
silicon oxide film which has reduced water content 
20 therein and which is formed using high density plasma, 
e.g. an ECR method, is preferred. 

Furthermore, given as examples of the exposure for 
patterning of the photoresist 2 5 are exposure to light, 
e.g. I-line or G-line, exposure to exciraer laser, e.g- 
2 5 KrF, ArF, exposure to EB (Electron Beam) , and exposure to 
X-ray. 

A TiN film or a titanium film may be formed instead 
of the tungsten film 24. 
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Next, a fourth embodiment of the method 
will be explained. Though the WSi film is used in the 
first embodiment and the tungsten film in the third 
embodiment as the mask for forming the contact hole or 
5 the channel in the HSQ film, a TiN film may be used as 
the mask. It is noted that almost no etching deposit is 
produced when a WSi film or a tungsten film is used, but 
some etching deposits tend to be produced when the TiN 
film is used. This embodiment has an object of avoiding 
10 such a drawback. Figs. 7A to 7E are sectional views 

showing a method of manufacturing a semiconductor device 
in sequential order according to the fourth embodiment. 

In this embodiment, as shown in Fig. 7A, a first 
15 silicon oxide film 31 is formed on a semiconductor 

substrate (not shown). An HSQ film 32 with a dielectric 
constant lower than that of a silicon oxide film is 
formed on the first silicon oxide film 31 by application 
and annealing. A second silicon oxide film 3 3 is 
20 deposited on the HSQ film 32. Furthermore, a TiN film 34 
is deposited on the second silicon oxide film 33 and in 
succession a third silicon oxide film 38 with a thickness 
of, for example, 0.05|om is formed on the TiN film 34. In 
this case, the film thickness of the third silicon oxide 
25 film 38 is preferably designed to be the -sum of those of 
the second silicon oxide film 33 and HSQ film 32. A 
photoresist 35 is applied to the third silicon oxide film 
38 and is subjected to photolithography in which a 



- 20 - 



channel-wiring pattern is formed on the photoresist by 
patterning. 

Next, as shown in Fig. 7B, the third silicon oxide 
film 38 is patterned using a fluorine-type etching gas 
5 and using the photoresist 35 as a mask. Furthermore, the 
TiN film 34 is patterned using a chlorine-type etching 
gas and using the photoresist 35 as a mask. After that, 
the photoresist 35 is released by an 0 2 plasma process 
and so on. At this time, the surface of the HSQ film 32 
10 is not damaged because it is coated with the second 
silicon oxide film 33. 

As shown in Fig- 7C, the third silicon oxide film 
3 8 is removed by a fluorine-containing etching gas. At 
the same time, the second silicon oxide film 33 and the 
15 HSQ film 32 are etched to the extent the first silicon 

oxide film 31 is exposed. A channel 32a for a damascene 
method is thus formed. In this embodiment, the TiN film 
34 is used as the mask when the HSQ film 32 is etched. 
However, no deposit is produced by the dry etching 
20 because the TiN film 3 4 is not directly etched. 

The subsequent production steps are the same as in 
the third embodiment. Specifically, as shown in Fig. 7D, 
a TiN film 3 6 and in succession a copper film 37 are 
deposited on the entire surface. 
2 5 As shown in Fig. 7E, the copper film 37, TiN film 

- 36, and TiN film 34 on the second silicon oxide film 33 
are then removed by CMP whereby the copper film 37 and 
TiN film 36 formed only within the channel 32a are left 
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unremoved. A damascene wiring is thus completed. 

Next, a fifth embodiment of the method 
will be explained. In this embodiment, one wiring layer 
is formed by a single damascene method and then other one 
5 or -more wiring layers are formed by a dual damascene 
method- Figs. 8A to 8F are sectional views showing a 
method of manufacturing a semiconductor device in 
sequential order according to the 'fifth embodiment. 

10 In this embodiment, as shown in Fig- 8A, a first 

silicon oxide film 41, an ESQ film 42, a second silicon 
oxide film 43, a TiN film 46, and a copper film: 47 are 
formed on a semiconductor substrate (not shown) in the 
same manner as in the third embodiment. 

15 Next, as shown in Fig. 8B, an interlayer ESQ film 

4 9 with a thickness of, for example, 1.2jxm and a 
dielectric constant lower than that of a silicon oxide 
film is formed on the entire surface by application and 
annealing. A third silicon oxide film 5 0 with a 

20 thickness of, for example, O.OSjim and in succession a 

tungsten film 51 with a thickness of, for example, 0.05|Lim 
are deposited on the interlayer ESQ film 49. A first 
photoresist 52 is applied to the tungsten film 51 and a 
pattern for a plug hole with a diameter of, for example, 

25 0.3^un is formed in the first photoresist 52. Next, the 
tungsten film 51 is patterned using the patterned first 
photoresist 52 as a mask. The first photoresist 52 is 
then released and removed by an 0 2 plasma process and so 
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on. The third silicon oxide film 50 and the interlayer 
ESQ film 49 are dry etched using the tungsten film 51 as 
a mask to the extent that the interlayer HSQ film 49 is 
etched to a depth of 0.7|*m, whereby a plug hole 49a is 
5 formed. 

As shown in Fig. 8C, a second photoresist 53 in 
which a wiring pattern with a width of, for example, 
0.6fim is formed above the plug hole 49a and its vicinity 
is formed on the tungsten film 51- 

10 Next, as shown in Fig. 8D, the tungsten film 51 is 

patterned using a chlorine containing etching gas and 
using the second photoresist 53 as a mask- The third 
silicon oxide film 50 and the interlayer HSQ film 49 are 
subsequently dry-etched using, as a mask, the tungsten 

15 film 51 with an enlarged opening until the interlayer HSQ 
film 49 is etched to a depth of 0.5 ^m. At this time, the 
plug hole 49a which has been already formed is more 
deepened and extends to the copper film 47. The second 
photoresist 53 is then removed by an 0 2 plasma process 

2 0 and so on. 

As shown Fig- 8E, a TiN film 54 is formed as a 
barrier metal film on the entire surface and a copper 
film 55 which will be a metal wiring film is formed on 
the TIN film 54. 

2 5 As shown in Fig. 8F, the copper film 55, the TiN 

film 54 and the tungsten film .51 on the third silicon 
oxide film 50 are removed by CMP , whereby dual damascene 
wiring structure is completed. 
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In this embodiment, though the lower wiring layer 
is the copper -wiring layer, it may be an aluminum-wiring 
layer. In such a case, easy fine processing is attained 
and an aluminum film can be patterned by dry etching. An 
5 application of the interlayer ESQ film after the 

aluminum-wiring layer as the lower layer is processed 
therefore brings about a flat surface. Particularly, 
this eliminates the CMP step. 

Next, a sixth embodiment of the method 

10 will be explained. Figs. 9A to 91 are sectional views 

showing a method of manufacturing a semiconductor device 
in sequential order according to the sixth embodiment. 

In this embodiment, as shown in 
Fig. 9A, a first silicon oxide film 61, an ESQ film 62, a 

15 second silicon oxide film 63, a TiN film 66 and a copper 
film 67 are formed on a semiconductor substrate (not 
shown) in the same manner as in the third embodiment. 

Next, as shown in Fig. 9B, an ESQ film with a 
dielectric constant lower than that of a silicon oxide 

20 film is applied and annealed and this steps are repeated 
several times, whereby an interlayer ESQ film 69 with a 
thickness of, for example, -1.2jjuh is formed on the entire 
surface. A third silicon oxide film 7 0 with a thickness 
of, for example, O.OSjxm is then deposited on the 

25 interlayer HSQ film 69. A TiN film 71 with a thickness 

of, for example, O.OSjxm is further deposited on the third 
silicon oxide film 70. In succession, a fourth silicon 
oxide film 7 6 with a thickness of, for example, 0.05^m is 
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deposited on the TiN film 71. In this case, the film 
thickness of the fourth silicon oxide film 76 is 
preferably designed to be the sum of those of the third 
silicon oxide film 70 and the interlayer HSQ film 69. 
After that, a first photoresist 77 is applied to the 
surface of the fourth silicon oxide film 7 6 and a pattern 
for a plug hole with a diameter of, for example, 0.3fim is 
formed in the first photoresist 77. Then, the fourth 
silicon oxide film 76 is patterned using the patterned 
first photoresist 77 as a mask to the extent that the 
fourth silicon oxide film 76 is etched to a depth of 
0.7jnm. A pore 76a is thus formed. The first photoresist 
7 7 is then released and removed by an 0 2 plasma process 
and so on. 

As shown in Fig. 9C, a second photoresist 78 in 
which a wiring pattern with a width of, for example, 
0.6|xm is formed above the pore 76a and its vicinity is 
formed on the fourth silicon oxide film 76. 

Next, as shown in Fig. 9D, the fourth silicon oxide 
film 7 6 is patterned using a fluorine containing etching 
gas and using the second photoresist 78 as a mask. At 
this time, the pore 7 6a which has been already formed is 
more deepened and extends to the TiN film 71. Further, 
the TiN film 71 is dry-etched using a chlorine containing 
gas and using, as a mask, the fourth silicon oxide film 
76. with an enlarged opening. The second photoresist 78 
is then removed by an 0 2 plasma process and so on. 

As shown Fig. 9E, the third silicon oxide film 70 
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and the interlayer HSQ film 69 are subsequently dry- 
etched using a fluorine-containing gas and using, as a 
mask, the patterned TiN film 71 until the interlayer HSQ 
film 69 is etched to a depth of 0.7^m. Thus a plug hole 
5 69a is formed. 

As shown in Fig- 9F, the TiN film 71 is patterned 
by etching using a chlorine containing gas and using the 
fourth silicon oxide film 76 as a mask- 
Then, as shown in Fig. 9G, the third silicon oxide 

10 film 70 and the interlayer ESQ film 69 are etched using a 
fluorine containing gas until the layer ESQ film 69 is 
etched to a depth of 0.5(4m. At this time, the fourth 
silicon oxide film 7 6 is removed and, at the same time, a 
channel with a reverse convex shape which extends to the 

15 copper film 67 is transferred to the interlayer HSQ film 
69, whereby the plug hole 69a is deepened. 

Next, as shown in Fig. 9H, a TiN film 74 is formed 
as a barrier metal film on the entire surface and a 
copper film 75 which will be a metal wiring film is 

20 formed on the TiN film 74. 

As Fig. 91 shows, the copper film 75, the TiN film 
74 and the TiN film 71 formed on the third silicon oxide 
film 70 are removed by CMP. A dual damascene wiring 
structure is completed. 

2 5 The foregoing embodiments all use an HSQ film as a 

film with a dielectric constant lower than that of a 
silicon oxide film. Besides the above film, a porous 
film with a terminal bond group of Si-H or Si-CH 3 , an 
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organic film such as an organic SOG film, a fluororesin 
film, an amorphous carbon fluoride film and a polyimide 
film, and the like may be used. 

A metal film for masking may be formed directly on 
a film with a low dielectric constant* 

There are no limitations to metal materials for 
wiring layers or to burying metal materials and any 
effect of the present invention does not depend on these 
materials. When a copper film is used, a TiN film is 
deposited as a base layer for the copper film, the copper 
film is filmed by sputtering, CVD, or plating, and then 
the copper film and TiN film, disposed in a prescribed 
area are removed . 

In the case where an aluminum-type film such as an 
aluminum film, an Al-Cu- alloy film or an Al-Si-Cu alloy 
film is used, a titanium film is desirably used as a 
barrier film. 

Furthermore, examples of the metal film used as a 
mask include a WSi film, a tungsten film, a titanium film, 
a TiN film and an aluminum film and the like. 

A method for removing these metals is not limited 
to CMP, but an etchback method may be used. 
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Each feature disclosed in this specification 
5 (which term includes the claims) and/or shown in the 
drawings may be incorporated in the invention 
independently of other disclosed and/or, illustrated 
features. 

The text of the abstract filed herewith is 
10 repeated below as part of the specification. 

A first insulating film with a dielectric 
constant lower than that of a silicon oxide film is 
formed on a semiconductor substrate. Next, a metal 
film or a second insulating film which has degrees of 
15 moisture absorption and deformation in an oxygen 
plasma process and exposure to a resist releasing 
solution equal to or less than those of a silicon 
oxide film, is formed on the first insulating film. 
Then, the metal film or the second insulating film is 
20 patterned to a prescribed pattern. An opening is 
formed in the first insulating film using the metal 
film or the second insulating film as a mask. 
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CLAIMS 

5 1- A method of manufacturing a semiconductor device 
having multilayer wiring, comprising the steps of: 

forming on a semiconductor substrate a first . 
insulating film having a dielectric constant lower than 
that of a silicon oxide film; 

10 forming a second insulating film on said first 

insulating film, said second insulating film having degrees 
of moisture absorption and deformation in an oxygen plasma 
process and exposure to a resist releasing solution equal 
to or less than those of a silicon oxide film; 

15 patterning said second insulating film to a prescribed 

form; and - - 

forming an opening in said first insulating film using 
said second insulating film as a mask. 

20 2. A method of manufacturing a semiconductor device 
having multilayer wiring/ comprising the steps of: 

forming on a semiconductor substrate an insulating 
film having a dielectric constant lower than that of a 
silicon oxide film; 
25 forming a metallic film on said insulating film; 

patterning said metallic film to a prescribed form; 

and 

forming an opening in said insulating film using said 
metallic film as a mask. 

30 

3 . A method according to Claim 1 wherein said first 
insulating film is formed of insulating material selected 
from the group consisting of Hydrogen Silsesquioxane, 
organic spin-on glass, fluororesin, amorphous carbon 

35 fluoride , and polyimide. 

4. A method according to Claim 1 wherein said first 
insulating film is formed of a porous film having a 
terminal bond group of Si-H or Si-CH 3 . 
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5. A method according to Claim 2 wherein said insulating 
film is formed of insulating material selected from the 

5 group consisting of Hydrogen Silsesquioxane, organic spin- 
on glass, fluororesin, amorphous carbon fluoride, and 
polyimide . 

6 . A method according to Claim 2 wherein said insulating 
10 film is formed of a porous film having a terminal bond 

group of Si-H or Si-CH 3 • 

7. A method according to Claim 1, 3 or 4, wherein said 
second insulating film is formed of insulating material 

15 selected from the group consisting of plasma silicon 
nitride, , plasma silicon oxide, and plasma silicon 
oxynitride • 

8. A method according to Claim 2, 5 or 6, wherein said 
20 metallic film is formed of material selected from the group 

consisting of tungsten silicide, tungsten, titanium, 
titanium nitride, and aluminum. 

9. A method according to Claim 2, 5,-6 or 8, further 
25 comprising the steps of: 

forming a silicon oxide film on said insulating film 
between said step of forming said insulating film and said 
step of forming said metallic film; and 

patterning said silicon oxide film using said metallic 
30 film as a mask between said step of patterning said 
metallic film and said step of forming said opening in said 
insulating film, 

10. A method according to any preceding claim, further 
35 comprising a step of burying a conductive film in said 

opening. - 



